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SECTION  1 


INTRODUCTION  AND  SUMMARY 

The  goal  ot  ihls  research  program  is  to  develop  unique  hybrid 
optical-microwave  semiconductor  devices  with  optimal  optical-microwave 
Interaction  characteristics  for  selected  system  applications  and  to 
investigate  various  methods  of  achieving  the  efficient  high-frequency 
modulation  of  semiconductor  lasers. 

The  study  ot  infection  laser  mode  locking  was  continued  during  this 
quarter  (the  fourth).  We  operated  the  laser  in  the  external -cavity 
configuration  using  a piece  of  optical  fiber.  Pumping  injection  lasers 
with  short  electrical  pulses  at  a frequency  cor  responding  to  the  round- 
trip  transit  frequency  of  the  cavity  generated  stable  optical  pulses. 

An  autocorrelation  measurement  system  for  determining  the  width  ot  the 
optical  pulse  was  designed  and  is  currently  being  assembled. 

The  major  effort  of  the  quarter  was  to  develop  a specialized  UaAs 
FET  device  and  a GaAs  Gunn  diode.  The  specialized  FKT  was  designed  so 
that  efficient  optical  coupling  to  the  active  region  of  the  device  will 
cause  a strong  opt  leal -microwave  interaction  in  the  device  for  optical 
detection,  optical  injection  locking,  and  optical  mixing  purposes. 

Liquid  phase  epitaxial  (LPE)  growth  was  used  to  grow  the  necessary 

GaAs  and  Ga  , ^Al  . As  layers  on  a semi- insulat  ing  G.iAs  substrate. 

U . b l) . H 

Layers  were  characterized  to  ensure  good  quail  tv.  A set  of  four  masks 
was  needed  to  fabricate  the  special  KETs.  The  masks  have  been  designed 
and  procured,  and  the  KETs  are  currently  being  fabricated.  Preliminary 
results  showed  that  the  devices  exhibited  reasonable  characteristics 
and  that  their  properties  were  quite  uniform  over  the  entire  water. 

GaAs  Gunn  diodes  are  also  being  fabricated.  These  diodes  will  be 
used  to  study  the  Interaction  between  the  output  of  an  injection  laser 
and  the  high-field  Gunn  domain  in  the  diode.  The  ultimate  goal  is  to 
achieve  efficient  high-speed  modulation  of  the  injection  laser  output. 
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The  Gunn  diodes  were  fabricated  on  a two-layer  structure  that  was  quite 
similar  to  the  one  used  for  the  KETs  with  the  exceptions  that  layer 
thickness  and  doping  concentration  were  different.  Several  devices 
were  fabricated  and  tested  using  a curve  tracer.  Differential  negative 
resistance  was  observed  In  all  the  diodes  tested.  Work  on  optical  beam 
modulation  using  Gunn  diodes  will  be  carried  out  next  quarter. 

' 


SECTION 


RECENT  RESULTS  ON  OPTICAL  PULSE  CENERATION  US  INC 
INJECTION  LASERS 

In  tin-  last  quarterly  report,  we  described  an  extensive  experimental 
study  of  mode  locking  in  semiconductor  lasers  with  two  different 
external-cavity  configurations.  In  the  first  case,  a spherical  mirror 
was  used  in  conjunction  with  the  laser  to  form  an  vS-crn- long  external 
cavity.  Laser  pulses  less  than  2 DO  psee  wide  at  an  ' J-C.H/  repetition 
rate  were  generated  bv  modulating  the  laset  cun  cut  sinusoidally  at  the 
same  frequency.  In  the  second  case,  a piece  of  graded -index  multimode 
fiber  was  used  to  replace  the  spherical  mirroi  resonator.  This  a 1 lowed 
the  cavity  length  to  bo  varied  quite  easily  and  also  simplified  i ho 
alignment  process.  We  were  able  to  modulate  the  laser  output  at  I re- 
queneles  tip  to  s.Jb  llllz  efficiently  with  the  lasers  biased  onlv  slight  Iv 
above  threshold. 

During  this  quarter,  we  continued  the  experiment  with  t he  optical 
fiber  resonatoi  configuration  (case  two  above).  To  ease  the  problem  of 
fiber  alignment,  we  improved  the  fiber  fixture  by  using  a piece  of 
silicon  wafer.  An  array  of  parallel  V grooves  separated  by  uni 

were  formed  on  the  wafer  using  the  preferential  etching  technique.  We 
were  able  to  mount  several  fibers  with  different  lengths  on  one  wafer. 
That  the  fibers  were  parallel  was  ensured  by  i he  etched  V grooves: 
when  one  of  the  fibers  was  aligned  to  the  laser,  a simple  translation 
of  the  silicon  wafer  could  bring  the  lest  of  the  fibers  very  close  to 
perfect  alignment.  This  feature  allows  the  length  of  the  external 
cavity  of  the  Injection  laser  to  be  varied  easily  by  moving  from  one 
fiber  to  another. 

In  our  previous  experiments  on  the  active  mode  locking  ot  injection 
lasers,  the  perturbation  necessary  to  induce  longitudinal  mode  coupling 
was  provided  by  a sinusoidal  modulation  ot  the  lasei  current.  We 
recently  began  experimenting  with  a different  type  ot  perturbation. 
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This  was  done  by  driving  Che  lasers  with  short  electrical  pulses 
at  the  cavity  round-trip  transit  frequency.  The  technique  of 
using  short-pulse  excitation  to  mode  lock  a laser  has  been  used 

successfully  with  dye  lasers,  where  a mode-locked  Ar  laser  pulse  train 
was  used  to  synchronous  1 y excite  the  dye  and  thus  produce  ultrashort 
dye  laser  pulses.  In  our  experiment,  we  used  short  electri-1  pulses  M 
excite  the  injection  laser  and  generate  short  optical  pulses  at  an 
' l-GHz  repetition  rate.  The  short  electrical  pulses  were  generated  by 
a step-recovery  diode  with  a l-GHz  center  frequency  and  a useful  band 
of  il()0  MHz.  The  diode  can  provide  useful  harmonic  power  up  to  18  GHz 
when  driven  by  a 1 -GHz  sinusoidal  signal.  Therefore,  it  should  be 
very  efficient  for  mode  locking  an  injection  laser.  Unfortunately,  the 
laser  package  and  the  circuit  around  the  laser  do  not  have  the  band- 
width to  accommodate  the  sharp  electrical  pulse  and  hence  the  eftective- 
ness  of  this  scheme  is  limited  unless  a broadband  circuit  is  used. 

The  experimental  arrangement  is  essentially  the  same  as  that 
described  in  the  last  report  with  slight  modifications,  as  shown  in 
Figure  1.  The  step-recovery  diode  was  placed  in  series  with  the  rf 
Input  port  of  the  laser  driving  circuit.  Figure  2 shows  a temporal 
display  of  the  laser  output  power.  The  fiber  external  resonator  ot  the 
laser  was  ^9.3  cm  long,  corresponding  to  a round-trip  transit  frequency 
of  M . 1 GHz.  Figure  2(a)  shows  the  case  when  the  fiber  was  not  properly 
aligned  to  the  laser;  optical  output  resembles  that  of  a simple 
sinusoidal  modulation.  Figure  2(b)  shows  the  case  when  the  fiber  was 
well  aligned  to  the  laser;  considerable  sharpening  of  the  output  was 
observed.  The  pulse  width  displayed  was  detector  limited,  indicating  a 
pulse  width  of  less  than  150  psec.  In  both  cases,  the  rf  input  power 
and  the  dc  bias  to  the  laser  were  roughly  the  same.  We  also  noticed 
that  the  pulses  produced  by  this  technique  were  less  noisy  than  those 
generated  with  sinusoidal  current  modulation. 

The  laser  cavity  resonance  can,  interestingly  enough,  be  excited 
through  an  optical-electrical  feedback  loop.  For  example,  when  the 
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laser  Is  aligned  to  an  external  resonator,  the  output  detected  by  a 
photodiode  and  displayed  on  the  microwave  spectrum  analyzer  will  always 
show  a resonance  corresponding  to  the  round-trip  transit  frequency  of 
the  cavity.  It  the  photodiode  outpu  is  amplified  and  fed  back  to  the 
rt  input  port  of  the  laser  circuit,  the  spectrum  analyzer  will  show 
enhanced  resonance  peaks  cor respond! ng  to  those  frequencies  with  correct 
phase  shift  for  positive  feedback.  These  microwave  resonance  peaks  can 
spread  over  a range  ot  a tew  hundred  megahertz  it  the  feedback  circuit 
used  is  relatively  wideband.  We  also  inserted  a line  stretcher  in  the 
feedback  Loop  and  observed  the  changes  in  the  relative  height  of  these 
peaks  by  varying  the  electrical  length  of  the  feedback  path.  Tnis 
technique  might  be  an  Important  way  of  turning  laser  noise  (sell- 
pulsation)  to  advantage  bv  changing  it  into  stable  and  useful  niodu'  it  ed 
laser  output . 

An  autocorrelation  measurement  system  using  phase-mat  cited  second- 
harmonic  generation  is  currently  being  assembled  for  recording  the  true 
optical  pulse  width.  The  nonlinear  medium  to  be  used  is  a piece  of 
LilOj  crystal.  The  incident  angle  for  phase-matched  seeond-harmoni c 

O 

generation  in  this  crystal  at  8400  A was  calculated  to  be  38'  with 
respect  to  the  crystal  axis.  Wo  have  obtained  and  polished  a piece  of 
LilOj  crystal.  Optical  components  such  as  a motor-dri ven  precision 
translation  stage,  beam  splitters,  mirrors,  and  a rotation  stage  are 
being  procured.  Future  work  with  laser  mode  locking  will  be  to  obtain 
higher  repetition  frequencies  and  shorter  pulse  widths  and  to  study  the 
phase  jitter  in  optical  pulses. 
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SECTION  3 


DESIGN  AND  FABRICATION  OF  MODIFIED  CaAs  FETs 

To  achieve  efficient  optical  injection  locking,  mixing,  and 
high-speed  detection  using  CaAs  FET  amplifiers  or  oscillators,  we  are 
interested  in  improving  the  coupling  efficiency  of  light  into  CaAs 
FETs.  A modified  FET  structure  was  proposed  and  analyzed  in  our  last 
quarterly  report.  This  device  has  a Burrus-type  structure,  as  shown 
in  Figure  3.  The  material  preparation  for  the  device  is  to  start  with 
a piece  of  Cr-doped  CaAs  semi-insulating  substrate  and  to  grow  suc- 
cessively an  n-Ca,  A1  As  (,v5-iim-thick)  layer  and  an  n-GaAs  (M -pm-thick) 
1-x  x 

layer.  The  CaAs  layer  is  the  active  region  of  the  FET  and  the  Caj  ^Al^As 
layer  acts  as  a buffer  layer.  For  this  device  to  work  properly,  there 
must  be  no  current  leaking  through  the  Ca.  A1  As  layer.  This  can  be 

1 — X X 

done  by  leaving  the  Ca  A1  As  layer  undoped  so  as  to  keep  Its 

I — X X 

conductivity  low  and  by  choosing  an  appropriate  percentage  of  A1  such 

that  the  Ca  A1  As  layer  becomes  an  indirect  bandgap  material  to 
1 —■  X x 

further  reduce  the  carrier  mobility.  Furthermore,  since  the  bandgap 
energy  of  Caj  ^Al^As  is  higher  than  that  of  CaAs,  the  heterojunction 
also  serves  to  confine  charge  carriers  in  the  CaAs  layer.  Thus,  the 
current  leakage  due  to  the  presence  of  the  Ca.  A1  As  layer  can  be 

1 “X  X 

kept  at  a minimum. 

LPE  crystal  growth  and  layer  characterization  are  very  important 

for  this  task.  The  layers  were  grown  with  the  conventional  horizontal- 

boat,  sliding-bar  technique  and  characterized  using  a four-point  probe 

and  Hall-effect  measurement  setup.  Data  measured  for  several  Ca.  Al  As 

K l-x  x 

and  CaAs  layers  are  summarized  in  Tables  1 and  2.  Table  1 gives  the 
carrier  concentration,  mobility,  resistivity,  and  sheet  resistance  for 
four  different  samples.  It  is  clear  from  the  table  that  the  carrier 
mobility  drops  significantly  as  the  material  turns  into  indirect-gap 
(x  > 0.37)  material.  Also,  it  appears  that,  by  using  high-purity 
single-crystal  source  material,  Ga_  .Al-  .As  layers  with  resistivities 
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Tabic!  1.  Characteristics  of  LPK-Crowu 
Gaj_^Al  As  Layers  (^5  pm) 


ALUMINUM 

CONTENT 

X 

CARRIER 

CONCENTRATION 

N (CM  3) 

CARRIER 
MOBILITY 
a (CM2/V-SEC) 

RESISTIVITY 

p til  - CM) 

SHEET 

RESISTANCE 

Rs  (il) 

GROWN 

WITH 

HIGH 

PURITY 

SOURCE 

04 

6 13  X 10*5 

100 

10.15 

2 03  X 104 

025 

3 83  X 10’5 

1427 

1.14 

2 28  X 103 

GROWN 

WITH 

POLY 

CRYSTALLINE 

SOURCE 

0.4 

1.18  X 10 1 6 

148 

3.57 

7 15  X 103 

0 35 

3 37  X 10'& 

796 

2 33 

4 65  X 103 

Table  2.  Characteristics  of  LPF-  Crown  GaAs 
Layers  (cl  pm) 


CARRIER 

— 

CARRIER 

— 

RESISTIVITY 

SHEET 

CONCENTRATION 

MOBILITY 

RESISTANCE 

NO. 

N (CM  3) 

— 

/li(CM2/v  • SECI 

p (il  - CM) 

Rs  ti» 

B 

2 23  X 10i; 

2913 

9 60  X 10~3 

960 

Li_ 

7.76  X 1016 

2925 

2.74  X 10  2 

274  0 

1.19  X 101; 

3573 

1 46  X 10  2 

1465 

B 

7.12  X 1016 

3335 

2.62  X 10  2 

262.0 

higher  than  10  Gem  can  be  grown.  Table  2 gives  data  for  a few  n-CaAs 

layers  doped  with  Sn.  The  doping  concentration  varies  between  7 x U)lb 
17  3 

and  2x10  /cm  . Excellent  mobility  and  resistivity  were  obtained 
for  our  device  requirement.  Since  all  the  Ga()  ^AIq  ^As  layers  were  not 
intentionally  doped  during  growth,  the  measured  doping  concentrations 
of  3 x lo'^/cm*  represent  the  background  level  of  our  epi-system. 

To  fabricate  the  device  shown  in  Figure  3 will  require  a set  of 
four  masks.  Schematics  of  the  masks  are  shown  in  Figure  A.  The  first 
mask  is  used  to  define  a GaAs  active  mesa  so  that  current  leakage  around 
the  gate  in  the  GaAs  layer  is  minimized.  The  second  mask  defines  t he 
source  and  drain  electrodes  using  the  lift-off  technique.  The  third 
mask  defines  the  gate  electrode,  also  by  the  lift-off  technique,  and 
the  fourth  mask  is  for  etching  the  back  side  of  the  FET  to  open  the 
illumination  window.  Various  registration  marks  are  put  onto  the  masks 
to  ensure  proper  alignment  throughout  the  processing  steps. 

During  the  last  quarter,  we  processed  several  wafers  using  the 
following  procedure.  After  the  layers  were  grown,  the  wafers  were 
cleaned  and  coated  with  Shipley  AZ1350J  photoresist.  The  first  mask 
was  then  used  to  define  the  active  mesa  pattern.  This  was  followed  by 
chemically  etching  the  mesa  pattern  into  GaAs.  The  etchant  used  was 
Superoxol  (H.,0., : NH,0H) . The  etching  rate  of  this  process  depends 
strongly  on  the  pH  value  of  Superoxol.  A few  measured  values  for 
n-GaAs  are  listed  below: 


pH 

Etch  Rate,  pm/min 

8.0 

2 

8.5 

5 

9.0 

8 to  10 

Since  Superoxol  is  a selective  etchant,  the  process  stops  at  the 
Ga_  .Al-  .As  surface  and  a CaAs  mesa  is  formed.  A second  pholores isl 
coating  is  then  applied  to  the  wafer  and  exposed  Lo  generate  the  source 
and  drain  electrode  patterns.  The  electrodes  are  laid  down  by  depositing 
thin  layers  of  Au: Ce , Ni,  and  Au  onto  the  wafer.  Alter  removing  the 
photoresist,  the  sample  was  heated  at  45l)°C  under  hydrogen  atmosphere 
for  45  sec  to  form  Ohmic  contacts  at  the  source  and  the  drain.  At 
this  point,  the  devices  are  examined  for  their  1 -V  characteristics  using 
a probe  station  and  a curve  tracer.  A typical  curve  from  our  devices 
is  shown  in  Figure  5.  The  saturation  voltage  of  the  devices  without 
gate  electrode  is  '-6  V,  and  the  saturation  current  is  '25  mA.  We  have 
found  the  characteristics  of  devices  from  Lhe  same  wafer  Lo  be  quite 
uniform.  To  put  the  gate  electrode  on  the  device  by  the  lift-off 
technique  requires  another  photolithography  step.  The  lift-ofl  technique 
requires  that  the  photoresist  pattern  have  sharp  edges.  Considerable 
effort  was  put  into  determining  the  optimal  time  and  temperature  lor 
photoresist  exposure,  development,  and  post-baking.  Figure  6(a)  shows 
the  photoresist  pattern  of  the  gate  electrode.  Note  the  sharpness  of 
the  walls.  Figure  6(b)  gives  a close-up  of  one  of  the  corners.  The 
gate  electrode  is  formed  by  evaporating  A1  to  form  a Schottky  barrier, 
in  the  next  quarter  we  will  perform  rf  characterization  of  the  completed 
C.aAs  FETs  and  will  etch  illumination  windows  into  the  back  side  of  the 
devices.  The  optical-microwave  interaction  efficiency  will  also  be 
determined . 
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(b)  Close-up  ot  tlu'  inner  oornot . 

Figure  Photoresist  pattern  Ot  till'  y; . > t » • e loot  rode 

anil  bonding  pad. 


SECTION  4 


DESICN  AND  FABRICATION  OF  CaAs  CUNN  DIODES  FOR 
OPTICAL  MODULATION 

The  most  common,  and  the  easiest,  method  of  modulating  an  injection 
laser  is  by  varying  the  current  that  goes  through  the  laser.  However, 
this  type  of  modulation  is  limited  as  to  highest  achievable  modulation 
frequency  because  of  the  presence  of  the  relaxation  oscillation  in  the 
laser.  State-of-the-art  semiconductor  lasers  can  be  modulated  efficiently 
up  to  only  a few  gigahertz  witli  this  method.  A second  drawback  with 
direct  modulation  is  that  the  laser,  even  though  it  oscillates  at  a 
single  longitudinal  mode  under  dc  excitation,  tends  to  break  into 
multi-longitudinal  mode  oscillation  when  its  current  is  modulated. 
Therefore,  for  ultrahigh  frequency  modulation,  external  modulators 
might  be  necessary. 

This  section  describes  a scheme  in  which  the  Interaction  between 

the  traveling  high  electric  field  Gunn  domain  and  the  laser  beam  is 

used  to  achieve  loss  modulation  of  the  laser  output  at  very  high  fre- 
(1-3) 

quencies.  The  modulation  frequency  is  determined  by  the  operating 

frequency  of  the  Gunn  diode  and  is  not  limited  by  the  frequency  response 
of  the  laser.  Thus , this  is  a promising  method  for  the  efficient 
high-frequency  modulation  of  injection  lasers  and  one  that  can  possibly 
also  be  used  for  the  active  mode  locking  of  injection  lasers. 

When  a dc  voltage  is  applied  across  a Gunn  diode,  high  electric- 
field  domains  are  formed  in  the  device  under  certain  conditions.  These 
domains  propagate  between  the  two  electrodes  of  a Gunn  diode  at  a 
saturated  velocity  of  'v  10^  cm/sec.  The  traveling  domains  lead  to 
a regular  spiking  of  the  device  current  at  a frequency  given  by 

f - Vd/L  , (1) 

where  L is  the  length  of  the  Gunn  diode. 
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We  propose  to  use  the  interaction  between  the  C.unn  domain  and  the 
optical  beam  to  pulse  modulate  a semiconductor  laser  or  LED  at  very 
high  frequencies.  Some  of  the  important  optical  processes  inside  the 
Gunn  domain  are  discussed  below.  The  carrier  density  within  a Gunn 
domain  is  higher  than  the  background  doping  density.  For  a background 
doping  concentration  of  10^  /cm^,  the  peak  carrier  density  Is  approxi- 
mately 10  to  20  times  that  of  the  background.  Thus  the  optical  absorp- 
tion due  to  free  carriers  is  higher  within  the  domain.  A simple 
calculation  reveals  that  the  increase  in  absorption  cool ficient  is  on 
the  order  of  10  cm  A second  effect  of  the  increased  carrier  density 
within  the  domain  is  that  the  real  part  of  the  dielectric  constant 
will  change.  This  leads  to  an  increase  in  the  optical  reflectivity  from 
the  domain.  However,  since  the  change  in  the  index  of  refraction  An  is 

-4 

only  about  10  , the  effect  is  negligible.  We  believe  that  the  largest 

effect  will  come  from  the  high  electric  fields  within  the  domain. 

Since,  by  the  well-known  Franz-Ke ldysh  effect,  a large  electric  field 

can  shift  the  absorption  edge  of  a semiconductor  (such  as  GaAs)  to 

lower  energies,  the  absorption  coefficient  will  increase  for  an  optical 

beam  with  given  wavelength  near  the  bandgap  of  the  material.  To 

estimate  the  change  in  absorption,  we  calculate  the  maximum  electric 

4 

field  inside  the  domain  using  the  expression 


where  e is  the  electronic  charge,  V is  the  critical  voltage,  n is  the 

c o 

carrier  density,  and  c is  the  dielectric  constant  of  GaAs.  The  critical 
field  = (V'c/L)  in  GaAs  is  V3  x 10^  V/cm.  For  a 1 0-yim- long  device, 

V is  therefore  "v3  V.  Assuming  a background  doping  concentration 

c 16  3 S 

n ' 10  /cm  , Eq.  2 yields  E 10  V/cm.  The  Franz-Ke ldysh  effect 

o max 

is  significant  in  the  presence  of  such  a strong  electric  field.  Using 
available  data  for  GaAs,  we  find  that  the  change  In  absorption 
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coefficient,  Aa,  can  be  as  large  as  500  cm-1  near  the  bandgap 
with  a field  of  10^  V/ cm.  This  large  change  can  thus  be  used  to  pulse 
modulate  the  output  from  a GaAs  injection  laser  (or  I.ED). 

The  experimental  arrangement  to  be  used  is  shown  in  figure  7. 

A Gunn  diode  is  placed  perpendicular  to  the  injection  laser  cavity  such 

that  the  laser  output  will  go  through  the  Gunn  diode.  The  laser  will  be 

driven  continuously,  and  the  Gunn  diode  will  be  biased  above  the 

threshold  for  domain  formation.  The  domains  travel  between  the  .mode 

and  the  cathode  at  a frequency  determined  by  Eq. 1 . When  the  optical 

beam  encounters  a domain,  the  strong  absorption  of  this  region  reduces 

the  transmitted  power,  and  when  the  domain  disappears,  the  transmission 

is  high.  If  we  assume  that  the  absorption  coefficient  is  500  cm  * 

within  the  domain  and  10  cm  * outside  the  domain,  then  the  extinction 

ratio  1 /I  ,r  is  given  bv 
on  off 


*on  exp  ( - 1 0d ) 

lQff  “ exp  (-500d) 


exp  (490d)  , 


where  d is  the  transverse  dimension  of  the  Gunn  diode  (the  interaction 
length)  expressed  in  centimeters.  The  list  of  extinction  ratios  versus 
d's  shown  in  Table  3 indicates  that  efficient  pulse  modulation  can  be 
achieved  with  reasonable  interaction  distance.  To  enhance  the  inter- 
action between  the  optical  beam  and  the  Gunn  domain,  we  propose  tv'  vise 
a waveguiding  structure  in  the  vertical  direction,  as  shown  in 
Figure  8.  The  Gunn  diode  is  composed  of  two  epitaxial  layers,  G.iAs 
(t2  um)  and  Ga^  ^AIq  ^As  (,'-2  pm)  on  a semi-insulating  GaAs  substrate. 

The  doping  level  for  the  active  G;iAs  layer  is  'll)'  /cm\  The  mask  for 
the  active  region  was  designed  and  procured  during  this  quarter.  To 
achieve  stable  dc  operation,  we  use  a trapezoidally  shaped  active  region 
with  optimized  geometrical  parameters,^  as  shown  in  Figure  9(a).  An 
etched  pattern  in  GaAs  is  shown  in  Figure  9(b).  We  have  fabricated 
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SECTION  5 


PLANS  FOR  THE  NEXT  QUARTER 

In  the  next  quarter,  we  will  finish  the  autocorrelation  measurement 
setup  so  that  the  true  pulse  width  of  the  output  of  the  injection  laser 
can  be  determined.  We  will  attempt  to  modulate  the  laser  at  higher 
repetition  frequencies  and  to  improve  the  external  cavity  arrangment 
by  such  means  as  using  an  etalon  in  the  cavity  and  adding  an  antirel'lec- 
tion  coating  to  the  laser  facet  to  keep  the  experimental  parameters 
manageable.  We  will  study  the  magnitude  of  the  phase  jitter  in  the 
optical  pulse  and  find  ways  of  reducing  it. 

We  will  continue  the  fabrication  of  GaAs  FETs  and  Gunn  diodes. 

RF  characteristics  of  these  devices  will  be  measured  so  that  appropriate 
microwave  circuits  can  be  designed  for  amplifier  and  oscillator 
operations.  Optical-microwave  interactions  in  these  devices  will  then 
be  studied  quantitatively. 
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